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Livingston Plot

Progress in Hich Energy Physics
Depends on Advancing the
Energy Frontier
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Main I njector Performance

Pbar Fast Spill Slow

Production Spill
Energy(GeV) 120 120 120
Protons per 5.0 10% 3.010% 3.010"
cycle
Flat Top (sec) 0.01 0.01 1.00
Cycle Time 1.47 1.87 2.87
(sec)

Mixed Mode delivers 5.0 10*2to pbar target
and 2.5 103 to experimental target every
1.87 or 2.87 seconds.



Proton Economics

Collider/NuM| Moded€livers5.0 10*to
pbar target and 2.5 103to experimental
target every 1.87 secs.

<5% Impact on pbar production

Collider/Slow Spill Mode delivers 5.0 102
to pbar target and 2.5 10%3to
experimental target every 2.87 secs.

15-20 % impact on pbar production

storeswill belonger, RECYCLER
helps.

Slip Stacking(x2),
Booster Aperture(x~1.5) =>
5-10 103 protonsultimately.
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Antiprotons

— 120 Gev Protonsimpact on tar get
— 8 GeV antiprotons produced, large angles
— focussed using Lithium Lens

— antiprotonsinjected into large aperture
accelerators

— Debuncher
— Accumulator
— Recycler

— multiple stochastic cooling systems

— different bandwidth systemsreact to
different characteristics of the beam

— Main Injector 8to 150 GeV
— Tevatron 150 GeV - 1000 GeV



Antiprotons

during store luminosity reduces

main effect isdilution of bunches (as
compared to pbar attrition dueto collisions)

at end of store, half of antiprotonsremain

Reuse them!

Deccelerateto 120 GeV

extract from Tevatron into Main I njector
decelerateto 8 GeV

extract into Recycler Ring

Permanent Magnet Storage Ring

Magnetic field controlled by mechanical
construction of magnets

Reliable, less dependent on power glitches!

Also used for cooling antiprotons after
production and Accumulator



Tevatron Collider Parameters

Tevatron Tevatron Tev33
Run b Run ||
Bunch
Spacing 3500 396/132 132
(nsec)
| nst.
Luminosity |1.6 5/20 50
(10**cm™
sec)
Int./
Crossing 1-2 1-2/1-2 5
L uminous
Region (cm) | 30 30/15 30
(Xing Angle?)
Integrated
Luminosity (0.1 2-4 10-30
(fo™)
Luminosity
Levelling




Tevatron L uminosity Evolution

Y ear Peak Integrated  Cumulative
Luminosity Luminosity Luminosity
10* cm? sec™ fb™ fb™

2000 5 0.5 0.5

2001 10 1.0 1.5

2002 20 2.0 3.5

2003 Shutdown

2004 40 4.5 8.0

2005 50 5.5 13.5

2006 50 55 19.0

2007 50 5.5 24.0




Main Injector Status

® Civil Construction Complete except
— Recycler Stochastic Cooling link.

o Installation Complete except
— Recycler Magnets (95% complete)
— Recycler Vacuum(65% under vacuum)
— Main Injector-Recycler Injection Line

All Complete February
— Recycler Stochastic Cooling
e« Commissioning
— Beam Accelerated to 150 GeV
( Injection Energy to Tevatron)
— Beam Accelerated to 120 GeV
« 95% Efficiency
o 2.5seccycletime
e 1.0 103 protons per cycle

 MI operating near design params.



Main I njector Status
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Neutrinos. Status

P, = sin® 20sin*(1.27Am* L/ E)

So far... 3 indications

a“""«- | 31| |
im = -
4, L LSND .
A
10 —
102 Atmospheric
: v, Ux
10_55—
T Solar MSW
b, =>4
1L (Just So)
| o
-ID-E- 1 | | 1 vl
107* 167 1672 107 1
sin?28

e Are all hints really oscillations?

e For each case, what’s the Am??



NuMI/MINOS

Targetsthe® Atmospheric”
| ndications
Relatively low  Dm
Relatively High Energy
Relatively Long Baseline

Seeks n,.®n.

Disappear ance, Appearance
Distinguishes sterile

Two Detectors

Main I njector to Minnesota,
(Soudan Mine)



NuMI/MINOS

Fermilab




Minos Near Detector

* 16.6 m long, 980 tons g 29m

» 280 “sguashed octagon” planes

* Forward section: 120 planes /
4/5 partialy instrumented 4
1/5 planes: full area coverag

* Spectrometer section:160

planes

W

18 m

3/4 planes not instrumented

4
¥

1/4 planes: full areacoverage — « 48

Dtecur 1d upurt
Coil Structure




MINOS Far Detector

Far Detector /

Fermilab

25,800 m ° Active Detector Planes
4 cm wide solid scintillator strips

WLS fiber readout

3l m
(2 sections 15> m long)
Magnetized Fe Plates
486 Layers x 2.54 cm Fe
5.4 kT Total Mass

Magnet coil
<B>=13T



MINOS Physics Goals

e QObtaining firm evidence for oscillations:

CC interaction rate
CC energy distribution
NC/CC rateratio

NC energy distribution

These are statistical measurements, mode
Independent, capable of being done with the baseline
detector configuration. In addition:

Atmospheric neutrino measurements

o Measurement of oscillation parameters,

i Dm?,sin’2g

CC energy distribution [statistical, with baseline
detector configuration, oscillation mode independent]

Rate and energy distribution measurements with narrow
band beam running [requires NBB configuration]

Observation of t production [measures product (Dm?)2
X sin?2q and is best done in the hybrid emulsion
detector upgrade]



MINOS Physics Goals
e Determination of the oscillation mode(s)

e Statistical measurementswith the basaline
detector

 NC/CC rate measurements
* Identification of n, by topological criteria

« |dentification of n, by its exclusive decay
modes (works best if Dm2isrelatively high;
some modes require NBB configuration)

e Observation of appearance of n, and/or n,in
the hybrid emulsion detector (not part of
baseline)

e Observation of t production and subsequent
decay, identified by a kink closeto the vertex

(n,)
e Observation of electron originating at the
production vertex (n,)

« MINOS experiment will be ableto perform these
measur ements over the full allowed range of
parameter space



Oscillation Parameter M easur ement

o CC event energy test

e Sdect CC events
(length)
 (Cdculate event

energy (muon + EM +
hadron)

o Shape difference
Indicates oscillations

* Dip position gives
Dm?

e Dip depth gives
sin?(2q)

e Simulation includes

detector energy
resolution

0 12 3 4 5 6 7T 8 0

B T A e TR SR

Oscillatinns ]
PH2(low) 1

Dm2 =0.002 -
eV?2

e reconst, Pmuon (GeVie)

PH2(low)

Dm2=0.003 1
eV? ]

PH2(low) 4
Dm? = 0.005 eV/2

e reconst, Pmuon (GeVie)



MINOS Enerqy Spectra
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10 kt-yr
Exposure

Solid lines - energy
spectrum  without
oscillations

Dashed histogram -
spectrum in presence
of oscillations



MINOS Sengitivity, High Eneray
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A - Disappearance
B - NC/CC rate test
C - CC-event energy test

A - Electron appearance
B - NC/CC rate test
C - Disappearance



BooNe

BooNE: The Booster Neutrino Ezxperiment at Fermilab
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A 2-phase experiment:

Phase 1: “MiniBooNE” (one detector) — 2001

e Disprove or Demonstrate LSND signal
at > 5o (> 100 if E-dependence is used)

Phase 2: “BooNE” (two detectors) — 2003

e Measure oscillation parameters if signal is observed.




Quarks: Flavor

1-1 42 | Al 3(r-ih)

- 1-1%/2-ih A4 4 Al?

Al 3(1-r-ih) -Al? 1

Different Processes give different elements



CKM Trianale




Kaons: Status

Kaon System isthe only onein
which CP Violation is observed.

Only observed in K9 !
|sCP viol. Indirect, in the Mixing?

|sCP viol. Direct, in the Decays?

TrytoMeasuree'.
Uncertainty 1 104

Closeto Zero!



"KAMI” Experiment
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"CKM” Experiment
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“CPT” Experiment

Proposed
KO h,. phase CPT Test at Planck Scale
K9 ¢ CPViolation . p*pee,plee
KO 1 p°gg

Chamber Chamber

1.5m

Yacuum
Region

 Short Experiment: maximise K°_glInterference
« KO9Beam from RF Separated K+*Beam, 22 GeV



FNAL Kaon Measurements

HKAMI”
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FNAL B Measurements




|nteractions per Crossing:

Tevatron Collider

100.0

Average
Number
of

Interactions

per
Crossing




The CDFII Detector

RETAINED
FROM CDFI

Solenoidal magnet

Central and wall
calorimeters

Central and extension
muon detectors

NEW FOR
CDFII

Tracking system

— Silicon vertex
detector (SVXII)

— Intermediate
silicon layers
(1SL)

— Central outer
tracker (COT)

Scintillating tile end
plug calorimeter

| nter mediate muon
detectors

Front-end electronics
(132 nsg)

Trigger system
(pipelined)

DAQ system (L1, L2,
L3)



CDF Tracking

2.0

1.5

CDF Tracking Volume

END PLLKS EM CALORIMETER

EHD WALL
HADROH
CAL.

END PLLKS HADFOM CALCRIMETER

— INTERMEDIATE
SILICON LAYERS

40

20
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DO Detector

New for Run ||

Solenoidal magnet
Tracking, Fibers, Silicon
Forward Muons
Preshowers

FE Elect., DAQ
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DO Fiber Tracker

® Barrds
side view E — 8carbon fiber barrels
= — 20<r<50cm
/% — full coveragetoh = 1.7
= - -
S = ﬁ Lﬁr ® Scint Fibers
N L - 830mm A& multiclad
= [ [ ~+ g

— 2.6m active length

— 10m clear waveguideto
P oroYererorey photodetector
OOOOOOOOOOOOOOOO ' — rad hard (100 krad)
(10yr @ 20cm @10%?)

® Fiber Ribbons

— 8axial doublets
00000000 & — 8stereodoublets  (2°

|\ Scintilating Fiber 4~ Optical Connector . ReadOUt

/I
Mirror — 77,000 channels

\Waveguide Fiber - VL PC readOUt
— run at low temp (9 K)
— fast pickoff for trigger

Electrical Signal Out — SVX I | r ead Out

end view

0000000

ster
OOOOOOOOOOOOOOO

Photodetector Cassette—»

Cryostat ———|




DO Silicon Microstrip

Tracker
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BTeV Experiment

BTeV

Pixel Detector with 31 yxy Stations inside beam vacuum
Dipole Magnet Steel Field Integral: 2.6T — m Vertical Bend
Indicators of field direction
with Aperature tan 6 = 0.3
(C.E,/CF,) Meaningtul K/it separation for
3.0 < p <70 GeV/c. Optional arcogel preradiator not shown
EM Calorimeter: Options Pb—Scint, Pb—liq. Ar, liq Kr, Csl




B Physics. Status

e B Cross Section

ur- —— Dhata (R, Candidates)
- Caleulated Signal

B cacutased Rackground

 B.Observation

Evenis per 0.3 GeVic®

CDF B Lifetimes
1(B") « [1.51+0.05 ps T MUy lepton) (GeVie)) !
B*) | [1.66 + 0.05 ps
BY) e/ [1.36+0.10 ps
(Ag) i 1.32 + 0.17 ps ° B L|fet|mes
B | 0.46 + 0.17 ps
Inc. <(b) . hsazooaps | © Notehigher mass
oB*)/1(B% o 1.09 + 0.05 states Bs |_ H
05 1 15 |

B Physicsat Hadron Collider Established



B Physics M easur ements

e SinZ2b

Run | Dsin 2b =1.8 +- 1.1 (stat) +- 0.3 (syst)
Only “Same-side” Tagging, will improve

Run Il..

Expect Dsin 2b<0.1

« B, Mixing 20,000 B_with SVT trigger

~ 200 -5 200 - |
et el _ |]
g EL.E N
o150 COF haseline v 150 [T
- COF+TOF+Layer 00O
100 | 100 [ n
50— 50 b\ﬂ]
0 j— W o L{\/‘{L\/—\“,\,.M,_*
B 5 0 o significance -
S=11 B e I 128 &significance
_1DU_III||I|||II|III|I|| -‘]I:ll:l_'lll"'llllll"l"'
o 20 40 G0 ] 100 1] 0 an G0 an 100

X, Reach 40 - 60



B Physics M easur ements

« CPViolation in B,
-B.®Jly f

IIIIIIIIIIIIIII

i,
oss ASymmetry error vs. x; -

025 - o

g, forBs — J/Y o
Ny

005 -

s M R ECR TG S S S T S S E— —
10 1% 20 23 30 35 40 45
Xg

e sin2a,sin2g
— (tough, need rate, id, space resolution)

 RareDecays

A Rich and Extensive Program

In good part beyond the B Factory reach



Electroweak Boson Couplings

WZ from DO ZZ event CDF

COFZZ>  pppp  m(ZZ)~192 GeY
| 39 Gavie 1 I5GeVle

RUN 75848 EVENT 343716

o Quantitative Expectations

— Factor of 20X in luminosity provides ~ 2.5X improvement in
T.G.C. limit. (at fixed form factor scale).

— Numbers of events (CDF + D0) estimate.

Wg->Ing ~ 3000
Zg—> ee(Mm)g ~ 700

WW > lInn ~ 100

WZ = IlIn ~ 30

/7> €esandnis afew

o Qualitative Expectations
— Wg and WZ radiation zero.
— Probe theoretical expectationsfor T.G.C.’s.



W-Boson M ass

20,360 4/~ 0.37# ‘. | TAZ (W — N
|
1
i
20,410 +/- 0,180 —= l ZDF (Fun 1A, W — .Y W
|
1
20.430 4/~ 0,155 —a— CDF (Run 1E*+, W — WY)
1
1
20.375 +/- 01720 ] CDF comb ined*
1
|
1
1
|
i
20,350 4/~ 0.270 | i i DO[Fun 1A, W —3 .14
1
1
[
20,440 4/~ 0.115 = DO[Fun 1B, W —3.74
|
1
20,430 4/- 0.110 I—i—l—l D0 cerm bined
i
|
1
i
20,400 +- 0,000 i Hadron Collider A verapet
! [SOM +W Caomrm+n Errerl
1
|
i
B0.370 4+ 0000 |—+—| LY [+ [we —1 W)
|
1
1
|
1
1
I_F_I Waerd Avseraps

20,385 4/- 0,055
ctXreliminar -
rlll |||I:r|||||||!||||||||||||||||||||||
oS ToT Too BEOl =205 BEOos EOoF 200 211 El1.5 El.S
BL = [F 417




W massErrors

Statistical
Momentum/Energy Scale
Calorimeter Linearity

L epton Resolution

Recoil Modeling

Input p+(W) and PDF’s
Radiative Decays

Higher Order Corrections
Backgrounds

L epton Angle Calibration
Fitting

Miscellaneous

Total (MeV)

CDF

100
40
¥a

25
90
50
20
20
25
¥a
10
20

155

DO

70
65 } 05 (stat)
20
20
40
25
15
¥a
10
30
¥a
15

120



W-Boson M ass

Scaling of W-mass error
200

Run 1A, CDF, D@, UA2 (preliminary)

-
o]
=

Gt

AM,, (MeV)
—
[=7]
=

140

120

100
Run 1b, CDF, D@ (anticipated)

80

60

.
________

Sealing

40
+ resolution

20 + systematics

2 3 4




Top Quark Mass

CDF(l+jets) DO (I+jets)

200

ot
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1ol 100 Fitmass o0 150 Ttuemass
n T T
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Top Quark Mass

N — 300
: s 4 =
oolao lected Sample 8 .':; 250
g Lo — Unhinned Likelihaed Fit = = 200
E. &N ——Background :2.5 = ‘ﬁ—
% 6l g 150
2 1) =
1 m .
1 140 E i -
asat ;515 5507100 150 200 250 300
_ 2 M, (GeVie))
ckgea

— Unbinned Likelthoed Fit

Euvends per 10 GeVise™
g g et
= a 2 &a &
=1 | =] =
=
=
L

- e e e b e pes T
D z0 40 60 B0 LOO 120 440 16D 180 200 0 Sy T
: > ; 0 50 W0 150 200 2500 300
Crigmt [nwanant M ass (Galfic]

Dijet Invariant Mass (GeVie")

Single experiment, | + jets

UNCERTAINTY |RUN | RUN I
(GEV)
Statistical 5.6 1.3

Jet Energy Calib. |4.0 0.4
Gluon ISR/FSR |3.1 0.7

Detector Noise 1.6 0.4
etc
Fit Procedure 1.3 0.3

All Systematic 5.5 0.9
T otal 7.8 1.6

Other top quark physics, V,spin
correlations, W _ resonance?



Constraining the Higgs

BI:IEi 1 1 | I | | | I | 1 | I | 1

| —LEFP1,5LD, ¥ Dats

an 5 - EE%CL

|m, [Ge

o0 2420/ 3001000,

Preliminary

130 140 170 1890
m, [GeV]

210



Bevond the Standard M odel

A Cornucopia of Imaginations

Higher mass bosons
— massreach approaches1 TeV

L eptoquarks

Compositeness (Drell-Yan, Jets)
— sendgitivity in >5TeV region

Strong Coupling, Technicolor

SUSY ( The mainstream)

“Run Il”
Workshops
Experiments &
Theorists

Higgs (inc S\VI)



T echnicolor
Strong EW Symm. Breaking is possible
Cross sections are substantial

finds two new particles

D@ Preliminary, 1.07 fb™’

> B
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SUSY

Sparticle Pair Production Cross Sections

T T T T T T T T T T T T T T
B | | a) Ill"lfq-'=m*§'
tanf=£ —
H=—TITly
= total (gg+Ed+49q)
i assoc. prod. —
b aand Mt et
. FP =W ZX |
WW, T =
fo- | ]l L1 11

i ~
Wl,ﬂ = ke 8O0 800
= wil
Zl - X]_ T T T
§ =Ry
tanf=2 —
p=TTTy
=
— EX |
=)
"'“-».._:I - _ il
wlﬁl =
| ‘-._l | 1 | 1
800 800

e squark-gluino production cross sections drop rapidly w/ higher
g masses where searches become kinematically limited

e ¥¥ and %Y are about 1/3 to 1/4 as massive as § and §
= their cross sections become dominant for high § mass




SUSY

Summary: SUGRA and GMSB Working Groups

SUGRA: Maximum mass reach (50) in GeV/c?

SUSY particle] Runl | Run II
(01 f571) | (2 f5)

S 70(*) 210
g 270(%) 390
£ (= b%) . 170

(*) indicates 95% CL limit

GMSB: Maximum mass reach (50¢) in GeV/c?

SUSY particle| Run 11
(2 fo ')
Vi 265
T 120




Higgs at the Tevatron

SM Higgs Production at the Tevatron

1072
a{pp— H + X) [pbl

10 vs =2 TeV

'] O | | | | | | | | | | | | | | | | | | | |
80 100 120 140 160 180 200

M, (GeV /c?)

o gg — H WH, ZH cross sections include full QCD corrections

e Higgs strahlung processes W H and Z H are accessible
e Higgs Yukawa couplings are enhanced in SUSY models




Higags Branching Ratios

SM Higgs Production at the Tevatron

Branching Ratio

-
IIl‘IlIIIIlfIIIlIIII|IIII|IIII

90 100 110 120 130 140 150

M, (GeV)

e dominant decay mode for M;; < 130 GeV/c? is H — bb
W H/Z H final states: ggbb, lvbb and vpbb, I+1-bb

o for My > 130 GeV/c?, H - WW dominates
WW final states with > 2 leptons: [*I*j§, Itl—vp




Higgs at the Tevatron

SM Higgs Searches, M, < 130 GeV/c?

Higgs Strahlung off W/Z Bosons
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Higgs at the Tevatron

SM Higgs,

My, > 130 GeV.

Higgs Strahlung off W/Z Bosc

i} 1%, )
3 LR
¥, )

NS

_l

: s s
Gluon-Gluon Fusion gg=> |
: W
I H<
g -
Topologies
R en
e 1

v e (=8 8




gg — HY - WW®): Cluster Mass

e Before “Turning the Screw”

o5 — H® X — W W™ X

A5, Turcot

250
IL» £
“ © Dilepton + E. My, = 170 GeV
Uoo5
N B
=
%200 o Vs = 2 TeV
ST -
- 304
175 |
150 |
125 |
100 F
75 |
- N, = 126
25 |
I:l : 1 1 1 1 1 -—l —t—a | 1
=0 100 150 200 250 300

Cluster Mass {GeV)

e Normalization of the Background
10 fb~! = 3.1% statistical error
Higgs contamination: S/B ~ 3 — 5%

December 11%* 1088

Dilepton 4- Cluster Mass
¥ £ André 5. Turcot




gg — H° — WW®): Cluster Mass

e After “Turning the Screw”

A5, Turcnt

05— H X — ww" X

| Dilepton + E... My = 170 GeV

i IU_L Ve =2 TeV

30 fb™

—
o

Counts/5 GeV
™

_..
[
I

10

MNe = 32.4
Mg = 72.3

2aiG SO0

Cluster Mass {Gev)

o WW background reduced by a factor of 40! (My = 170)

Dilepton + ¥, Cluster Mass

Dacember 11%* 1008 André 5. Turcot




Higgs Sensitivities

Overview of SM Higgs Channel Sensitivities
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Standard M odel Higgs

Combined channel thresholds

— Gaussian approximation in combination
— 30% better my; resolution than Run 1

— Run 2 acceptance x1.3 NN improvement
— 10% systematic error on background

— all except £X¢%55

| combined CDF/DC thresholds
.y — 95% CL limit
P F— 30 discovery E
= - — 5o discovery
T
2
E
o -
x 0 F :
2
£
=
LR ;
80 100 120 140 160 180 200

Higgs mass (GeV/c?)

Revelation from November Run Il Workshop!



SUSY Higas

Limits in the M, and tan 3 plane
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TheMI Physics Program

Main Injector - Commissioning going
well

Collider - CDF, DO - Start 2000

— Higgs Discovery?

Neutrinos - NuM| “Basdlined”
CP Violation, CPT violation in Kaons
- R& D Projects

BTeV, -R& D Project

(FT QCD - excellent potential)

Broad Attack on Physics Frontiers



